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SPACECRAFT OPERATIONAL TRAJECTORY, REVSION 1 

VOLUME I1 - TRAJECTORY DATA 

PART 3 - FLIGHT CREW SIMULATOR DATA 

By Ron D .  Davis and Larry D .  Davis 

SUMMARY 

The d a t a  i n  t h i s  document are compiled t o  s a t i s f y  f l i g h t  crew and 
f l i g h t  c o n t r o l l e r  t r a i n i n g  and s imulat ion requirements f o r  t h e  F mission.  
This  d a t a  pack i s  based on a F mission ope ra t iona l  t r a j e c t o r y ,  r e v i s i o n  1 
( re f .  1). 
naviga t ion  updates , naviga t ion  checks, d e t a i l e d  maneuver t a b l e s ,  
e n t r y  d a t a ,  and a s soc ia t ed  f l i g h t  crew d a t a .  

This document conta ins  r e s e t  v e c t o r s ,  REFSMMAT updates ,  

INTRODUCTION 

The nominal Mission F p lan  involves t h e  fol lowing mission phases 

1. Launch, which ends with i n s e r t i o n  i n t o  e a r t h  parking o r b i t .  

2 .  Ear th  o r b i t  coas t ,  which ends with T L I .  

3. Translunar  c o a s t ,  which ends with LOI .  

4 .  Lunar o r b i t  ope ra t ions ,  which ends with T E I .  

The prime ob jec t ive  of t h i s  phase w i l l  be t o  demonstrate a l l  
phases of Mission G except those  which d i r e c t l y  involve LM powered descent 
and powered a scen t .  These operat ions w i l l  inc lude  a LM-active rendezvous. 

5 .  Transear th  c o a s t ,  which ends with e n t r y  i n t o  t h e  mid-Pacific 
recovery a r e a .  

The t o t a l  mission dura t ion  w i l l  b e  approximately 8 days.  The 
d a t a  presented  i n  t h i s  document were computed by t h e  use  of t h e  RTACF 
p rocesso r s .  
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ABBREVIATIONS 

AGS 

ALPHA 

APS 

C D  

CDH 

C L  

CM 

C S I  

CSM 

cg 

DO I 

DPS 

DSKY 

EECOl 

EL 

EO1 

ER 

FDA1 

GET GEN 

g.e.t. 

G.m.t. 

GMT ID 

I 
SP 

abort guidance system 

angle of attack 

ascent propulsion system 

coefficient of drag 

constant differential height 

coefficient of lift 

command module 

coelliptic sequence initiation 

command and service modules 

center of gravity 

descent orbit insertion 

descent propulsion system 

display keyboard 

electrical, environmental, and coimun-oations 

earth launch 

earth orbital insertion 

earth radii 

flight direct or attitude indicator 

time of data generation 

ground elapsed time 

Greenwich mean time 

identification of time 

specific impulse 
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V 

d 

. 

LES 

LGC 

LM 

LOI-1 

LOI-2 

PAD 

RCS 

REF 

REFS T 

RTACF 

S and S 

SLA 

SM 

SPS 

STA ID 

t 

TEI 

TE C 

T I G N  

TLC 

TLI 

TPF 

TPI 

WT 

W 

launch escape system 

l u n a r  module guidance computer 

l una r  module 

l u n a r  o r b i t  i n s e r t i o n  

c i r c u l a r i z a t i o n  maneuver a f t e r  LOI-1  

pre-advisory d a t a  

r e a c t i o n  c o n t r o l  system 

re fe rence  body 

re ference  t o  s t a b l e  member m a t r  .x 

Real-Time Auxil iary Computing F a c i l i t y  

start  and s t o p  

spacec ra f t  /LM adapter  

s e r v i c e  module 

s e r v i c e  propulsion system 

s ta t  ion  i d e n t i f i c a t i o n  

t i m e  

t r a n s e a r t h  i n j e c t i o n  

t r a n s e a r t h  coas t  

t i m e  of main engine i g n i t i o n  

t r a n s  luna r  coas t  

t r a n s l u n a r  i n j e c t i o n  

t e rmina l  phase f i n a l i z a t i o n  

t e rmina l  phase i n i t i a t i o n  

weight 

flow r a t e  
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RESULTS 

A se t  of d a t a  t h a t  c o n s i s t s  of t h e  fo l lowing  i s  provided f o r  
each of t h e  Mission F maneuvers ( o r  e n t r y ) :  
updates ,  navigat ion updates ,  naviga t ion  checks,  d e t a i l e d  maneuver 
t a b l e s ,  and o the r  requi red  f l i g h t  crew d a t a .  This d a t a  pack supersedes 
a l l  e a r l i e r  F mission d a t a  packs.  

r e s e t  v e c t o r s ,  REFSMMAT 

A b r i e f  summary of mission-dependent cons tan ts  used i n  t h e  
genera t ion  of t h i s  document are presented  i n  t a b l e  I. A more d e t a i l e d  
t a b u l a t i o n  o f  mass p r o p e r t i e s  d a t a  can be found i n  r e fe rences  2 and 3. 

The CSM and LM r e s e t  vec to r s  f o r  each maneuver and e n t r y  a r e  contained 
i n  t a b l e s  I1 and 111. These vec to r s  a r e  i n  t h e  mean Besse l ian  coord ina te  
system. This system can be def ined  as fo l lows:  an i n e r t i a l  Car tes ian  
system with o r i g i n  a t  t h e  cen te r  of t h e  r e fe rence  body ( e a r t h  o r  moon) 
wi th  t h e  X- and Y-axes i n  t h e  mean e q u a t o r i a l  plane and t h e  Z-axis 
co inc ident  w i t h  t h e  mean po la r  a x i s  ( p o s i t i v e  t o  t h e  n o r t h ) .  
X-axis i s  a l ined  a t  t h e  i n t e r s e c t i o n  of t h e  e a r t h ' s  e q u a t o r i a l  p lane  
with t h e  e c l i p t i c  a t  t h e  nea res t  beginning of a Besse l ian  y e a r .  

The 

The CSM and LM REFSMMAT update q u a n t i t i e s  f o r  t h e  var ious  phases 
of t h e  F mission a r e  contained i n  t a b l e  IV. The r equ i r ed  naviga t ion  
updates f o r  t h e  var ious  maneuver sequences are presented  i n  tables V 
and VI. 

The "de ta i l ed  maneuver t a b l e "  q u a n t i t i e s  f o r  each of t h e  planned 
maneuvers a re  presented  i n  t a b l e  VII. A t a b u l a t i o n  of LM gimbal angles  
converted t o  LM FDA1 angles  i s  given i n  t a b l e  VIII. The e x t e r n a l  AV 
updates f o r  each of t h e  maneuvers a r e  presented  i n  t a b l e s  IX and X .  
Addi t ional  information i n  t h e  form of pre-advisory d a t a  (PAD) i s  
provided i n  t a b l e  XI. 
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TABLE I.- MISSION-DEPENDENT CONSTANTS 

( a )  Launch d a t a  

Date of launch . . . . . . . . . . . . . . . . . . .  May 18. 1969 

G.m.t. of launch . . . . . . . . . . . . . . . . . .  
( b )  Thruster  d a t a  

SPS s teady  s t a t e  

Thrust .  l b  . . . . . . . . . . . . . . . . . . . .  
3 .  l b / s e c  . . . . . . . . . . . . . . . . . . . . .  
I see . . . . . . . . . . . . . . . . . . . . .  

SP ’ 
SPS t a i l o f f  . 

Burn t i m e .  sec  . . . . . . . . . . . . . . . . . .  
Thrust .  lb . . . . . . . . . . . . . . . . . . . .  
I sec  . . . . . . . . . . . . . . . . . . . . .  
G. l b / s e c  . . . . . . . . . . . . . . . . . . . .  

SP ’ 
SM RCS ( p e r  quad) 

Thrus t .  lb . . . . . . . . . . . . . . . . . . . .  
I sec  . . . . . . . . . . . . . . . . . . . . .  
G. l b / s e c  . . . . . . . . . . . . . . . . . . . .  

SP ’ 
CM ‘RCS ( p e r  quad) 

Thrust .  l b  . . . . . . . . . . . . . . . . . . . .  
G. l b / s e c  . . . . . . . . . . . . . . . . . . . . . .  
I ,set..................... 

SP 

LM RCS ( p e r  quad) 

Thrust .  l b  . . . . . . . . . . . . . . . . . . . .  
G. l b / s e c  . . . . . . . . . . . . . . . . . . . .  
I . s e e  . . . . . . . . . . . . . . . . . . . . .  
SP 

APS s t eady- s t a t e  

Thrust .  l b  . . . . . . . . . . . . . . . . . . . .  
k. l b / s e c  . . . . . . . . . . . . . . . . . . . .  
I . s e e  . . . . . . . . . . . . . . . . . . . . .  

SP 

16: 49: 00 

20 500 
65.162 
314.60 

0.59 
20 847.5 

313.07 
66.590 

102.8 
0.371 
277.09 

96.0 
0.353 
271.95 

100.0 

272.48 
0.367 

3 500.0 
11.427 
306.29 
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APS t a i l o f f  

Burn t ime,  s e c  . . . . . . . . . . . . . . . . . .  
Thrus t ,  lb . . . . . . . . . . . . . . . . . . . .  
C, l b / s e c  . . . . . . . . . . . . . . . . . . . .  
I s e c . . . . . . . . . . . . . . . . . . . . .  

SPY 

DPS onboard (92.5%) 

Thrus t ,  lb . . . . . . . . . . . . . . . . . . . .  
G, l b / s e c  . . . . . . . . . . . . . . . . . . . .  
I S e c . . . . . . . . . . . . . . . . . . . . .  
SP ’ 

DPS (40% l e v e l )  

Thrus t ,  lb . . . . . . . . . . . . . . . . . . . .  
G, l b / s e c  . . . . . . . . . . . . . . . . . . . .  
I ,set..................... 
SP 

DPS (10% level) 

Thrus t ,  lb . . . . . . . . . . . . . . . . . . . .  
G, l b / s e c  . . . . . . . . . . . . . . . . . . . .  
I s e e . . . . . . . . . . . . . . . . . . . . .  
SP ’ 

DPS t a i l o f f  

Burn time, sec  . . . . . . . . . . . . . . . . . .  
Thrus t ,  lb . . . . . . . . . . . . . . . . . . . .  
G, l b / s e c  . . . . . . . . . . . . . . . . . . . .  
I S e c . . . . . . . . . . . . . . . . . . . . .  
SP ’ 

0.1 
2990.0 
9.65 

309.84 

9712.5 
32.270 
300.98 

4200.0 
13.952 
301.03 

1050 .o  
3.488 
301.03 

0.38 
6503.0 
20.080 
301.44 

4 

Y 
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WEIGHT 
LR 

23200.c0 
2 5400  00 
27600.00 
29800. ' )0 
32000.00 
34 200.00 
36400.00 
3 8 6 0 0  00 
40000.00 
4 3000.  00 
45200.00 
4 7 4 0 0  .00 

51000.00 
54000.00 
56 200 .  CC 
5e  40 0.00 

62000.0@ 
65000.00 

49 600.00 

6 0 6 0  0 00 

2 3  200.00 
25400  00 
27600.0@ 
29AOQ.CO 
32000.00 
342!30.00 

3 8 6 0 0  .@O 
4 C  000.00 
43000.0@ 

4 7 40 0. (10 
49600.CCI 

54000.cI0 
5 6  20@. r?@ 

6060O.00 
62000.00 

36430 .  on 

45 200 PO 

5 1 0 0 3 .  n(! 

5P400an0 

6 5003  '7@ 

TABLE I.- MISSION-DEPENDENT CONSTANTS - Continued 

( c )  Center of g r a v i t y  computed from weight' 

[CSM propel lan t  on bottom of tanks]  

X Y Z PITCH  TRIM^ Y A W   TRIM^ 
I N C H E S  I N C H E S  I N C H E S  DEG 

983.59 
971.98 
962.97 
7 5 6 . 1 4  
951.27 
947.83 
945 .61  
944.73 
943 .91  
944.15 

942.86 
939 .c3  
936 .22  
934.30 
9 ? 3  17 
932.72 
532.90 
933.62 
934 .89  

544.98 

982.20 
981.18 
979.27 
976.52 
973 .41  
969.77 
905.04 
901 .63  
957.15 
9 5 2 . 5 2  
947 .72  
947 .64  
940.14 
947 .91  
547 .04  
945.59 
943.66 
941.28 
938.50 
935.70 

-2.82 
-1 .61  
-c.59 

0.28 
1.02 
1.67 
2.25 
2.75 
3.21 
3 - 6 1  
3.98 
4.15 
4.12 
4.09 
4. C6 
4.03 
4.01 
3.99 
3.97 
3.95 

8. c1 
7.45 
6.98 
6.50 
6.23 
5.93 
5.66 
5.42 
5.21 
5.03 
4.85 
4.9c 
5.17 
5.42 
5.65 
5.86 
6 .05  
6.24 
6.40 
6.56 

-3.05 
-3.07 
-3.08 
-3.06 
-3.02 
-2.96 
-2.80 
-2.79 
-2 7 0  
-2.59 
-2.49 
-2.56 
-2.80 
-3.01 
-3.20 
-3.35 
- 3 . 4 0  
-3.58 
-3.65 
-3.69 

[CSM propel lan t  on t o p  of tanks]  

-2.50 
-1.40 
-c.40 

0.46 
1.19 
1.83 
2.39 
2.09 
3.34 
3.74 
4.10 
4.18 
4.15 
4.12 
4.c9 
4 . 0 6  
4.04 
4.02 
4.00 
3.98 

A. 2 5  
7.67 
7.18 
6.76 
6.40 
6.09 
5.81 
5.57 
5.35 
5.15 
4.90 
5.11 
5.30 
5.62 
5.04 
6.04 
6.23 
6 - 4 0  
6.56 
6.72 

-3.17 
-2.97 
-2.81 
-2.70 
-2.61 
-2.55 
-2.51 
-2.40 
-2.47 
-2.47 
-2.49 
-2 .56  
-2.60 
-2.80 
-2 .94  
-3.00 
-3.23 
-3.39 
-3.57 
-3.75 

DEG 

-1.07 
-0.66 
-0.26 

0.13 
0.50 
0.84 
1.15 
1.42 
1.66 
1.07 
2.04 
2.17 
2.23 
2.27 
2.30 
2.31 
2.31 
2.29 
2.26 
2.23 

-0.99 
-0.54 
-0.16 

0.18 
0.49 
0.77 
1.03 
1.29 
1.54 
1 .79  
2.05 
2.09 
2.01 
2.06 
2.06 
2.07 
2.09 
2.13 
2.17 
2.22 

'These values  a r e  based on reference 2 .  

bThese angles are measured from longi tudina l  a x i s  and do not include e l e c t r o n i c  
n u l l  b i a s .  



TABLE I.- MISSION-DEPENDENT CONSTANTS - Continued 

( c )  Center of g r a v i t y  computed from weighta - Continued 

[LM with APS and DPS p rope l l an t  on bottom of t anks ]  

Y 
I N C H E S  

2CH.60 

10? .13  
2 C 1 . 6 3  
199.72 
197.97 
1S6.3R 
194.72 
193.59 
192.35 
!91.23 
19Q.21 
1P9.27 
1PR.41 
187.62 
lR6.qZ 
1P6.24 
185.66 
195.14 
184.67 
184.21 
193.15 
1e3.52 
183.22 
1Q2.75 
182.73 
1P2.56 
1R2.41 
182.2R 
182.19 
1E2.15 
1P2.11 
1 p 2 . 1 1  
182.16 

2n6.04 

1 ~ 2 . 2 n  
i e i . 8 a  
181.52 
181.18 

[LM with 

217.14 
2 1 2 . 1 3  
211.12 
7 1 p . 1 3  
2 i 9 . 1 3  
7c9. :5 
7 C 7 . 1 9  
2 9 6 . 2 3  
7 9 5 . 2 9  
204.24 
203.43 

Y 
I N C H E S  

-0.67 
-n.65 
-C.62 
-C.hC 
-c.59 
-0.57 
-3.55 
-0.54 
- ' l e  52 
- C . 5 1  
-c.49 
-C.48 
-c.47 
-G.46 
-L7.45 
-c .44 
-c.43 
-0.42 
-$.41 
-:.40 
-c. 39 
-G.38 
-c.37 
-c.37 
-0.36 
-0.35 
-c. 35 
- r . 3 4  
- c .  3 3  
-3.33 
-9.32 
-0.32 
-3.31 
-0.31 
-0.3c 
-C.30 
-9.29 
-0.29 

APS and DPS 1 

-0.64 
-0.62 
-?.6C 
-2.58 
-2.56 
- c . 5 4  
- c . 5 3  
-c.51 
-c.50 
-c.49 
-c .47 

2 PITCH  TRIM^ 
I NCHc S DfG 

3.58 
9.56 
9.54 
7.52 
0.50 
0.49 
9.47 
0.46 
5.45 
9.44 
0.42 

3.40 
3 .79  
3 . 3 8  
n.37 
0.37 
3.76 
n.35 
r). 34  

3 .  -43 
9. 32 
0.32 
'3.31 
9.30 
?. 3 0  
'?. 2 9  
7.29 
0.28 
e). 28  
'3.27 
e. 2 7  
9. 26 
u. 2 6  
3.26 
0.25 
0.25 

0.41 

n. 3 4  

r o p e l l a n t  

-c.qo 
- 0 .  R7 
-4.94 
-n. 9 1  
-7.78 
-C. 7 6  
-c.74 
-1.72 
-0.70 

-?. 6 6  
- 3 .  h a  

aThese values  are based on reference 2 .  

-0.60 
-0.61 
-0.62 
-0.63 
-0.63 
-0.64 
-0.64 
-0.64 

-3.65 
-0.65 

-2.65 

-0.65 

-0.65 

-0.65 
-9.65 
-0.65 
-0.65 
-0.65 
-0.64 
-3.64 
-0.64 
-0.63 
-0.63 
- @ e 6 2  
-0.61 
-0.61 
-0.60 
-0.59 
-0.58 
-0.57 
-0.57 
-3.56 
-0.55 
-0.54 
-0.53 
-0.53 
-0.52 
-0.52 

on t o p  of t anks ]  

0.37 
0.85 
0.84 
0.83 
0.82 
3.30 
3.so 
0.79 
3.78 
0.  7 7  
i). 77  

YAW T R I M b  
D E G  

-0.70 
-0.71 
-0.72 
-0.73 
-0.73 
-0.74 
-0.74 
-0.75 
-0.75 
-0.76 
-0.76 
-0.76 
-0.76 
-C.76 
-0.76 

-0.76 
-0.75 
-3.75 
-0.74 
-0.74 
-0.73 
-0.73 
-0.72 
- C .  7 1  
-0.70 
-0.70 

-0.68 
-0.67 
-0.66 
-0.65 
-0.64 

-0.76 

-0.69 

-0.62 
-0.61 
-0.61 
-0.61 
-0.61 

-0.62 
-0.61 
-0.h0 
-0.59 
-3.58 
-c. 5 8  
-0.57 
-0.56 
-3.56 
-9.55 
-0.55 

0 

%hese angles a r e  measured from long i tud ina l  a x i s  and do not include e l e c t r o n i c  
n u l l  b i a s .  



TABLE I.- MISSION-DEPENDENT CONSTANTS - Continued 

( c )  Center of g r a v i t y  computed from weight' - Concluded 

[LM with AF'S and DPS propel lant  on t o p  of t a n k s ]  

WEIGHT 

19 500.00 

20 500. 0@ 
21000.00 
2 1500 00 
22000.00 
22  500.00 
2 3000 00 
2 3  500.00 
24000.00 
24500 .  C(! 
25000.00 
25500.00 
26OOO. OC 
26500 .  C O  

27 500.00 
28000.00 

LB 

20000.00 

27000  00 

2 8 503.00 
29000.00 
29 5OQ.00 
30000. 0 9  
30 500 00 
3 1000.00 
3 1500 .  00 
32000.00 
3 2  500.00 

5r)c') .  -?  
55ro .qr  
60n0.nr  
65Cn.,7P 
7 n r 0 .  ; r 
7 5 0 q .  "C 
8GCO.CC 
8 5 e @ . i\ c 
9cCn.Cn 
95C".CI? 

10qP".rC 

5"cS.Cr 

6?rO.Cc 
65Cr.O- 
7 c c n . 0 r  
15n3.7r  
8^C J.*-P 
85t-il.qr 
9 , - v r , - r  
9 5 c o .  -0  

1 o w n . r  - 

5 5 ~ 9 . r ~  

1 

202.53 
201.63 
200.13 

INCHFS 

1G9.84 
198.99 
198.12 
197.25 
196.38 
195.56 
154.69 
193.85 
193.02 
192.20 
191.37 
190.53 
189.72 
1 €3 8 .'9 1 
188.09 
187.26 
186.47 
185.64 
184.81 
183.99 
183.58 
183.23 
182.88 
182.55 

Y 
INCHES 
-0.46 
-0.45 
-0.44 
-0.43 
-0.42 
-0.41 
-0.40 
-0.39 
-0.38 
-0.37 
-0.37 
-C 36 
-0.35 
-0.35 
-0.34 
-0.33 
-c .33  
-0.32 
-0.32 
- C . 3 1  
-0.30 
- 0 . 3 0  
-0.29 
-0.29 
-0 .29 
-0.28 
-0.20 

Z 
INCHES 
-0.64 
-0.63 
-0.61 
-0.60 
- 0 . 5 8  
-3.57 
-0 .56 
-0.55 
-0.53 
-0.52 
-0.51 
-9.50 
-0.49 
-0.48 
-0.47 
-0.46 
-0.46 
-0.45 
-0.44 
-0.43 
-0.43 
-0.42 
-0 .41 
-0.40 
-0.40 
-0.39 
-0.39 

PITCH T R I M b  
DEG 
0.76 
0.75 
0.75 
0.75 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
0.74 
0.75 
0.75 
0.75 
0.76 
0.76 
0.77 
Om 7 8  
0.79 
0.78 
0.78 
0.78 
0.77 

[Ascent s t a g e  wi th  propel lant  on bottom of t a n k s ]  

261.62 
262.72 
255.15 
254 .53  
251.19 

241.99 
246.71 
245.14 
245.C4 
244.57 

249.65 

? . 1 3  5.94 

3.1r 4.95 
7 . " Q  4.57 
) . T E  4.24 
c . r 7  3.96 
3.G7 3.11 
3.?6 3.49 
'.*-5 3.3c 
:.r5 3.13 
3 ."5 2.97 

3.11 5.4r 
I 

7 

?.  '. 
3. 
q. 

c. 

, ". 
n .  

[Ascent s t a g e  wi th  propel lan t  on t o p  of tanks]  

26" .  5 1  0 . 2 9  1.q2 
259.37 q. 1 8  1 .'~5 q. 

258.18 '9.16 1 . 5 1  
256.79 9.15 1 . 4 p  
255.33 9 .13  1.3n 
253 .85  - . 1 2  1.21 
252 .35  Y.11 1.14 
25 ' . 85  -! .1c 1. ?7 
249 .34  1."9 1.21 1 .  
247.82 -l..:9 0.36 
24S .27  0 .'* e 1.91 I .  

n 

Y A W  T R I H ~  
DEG 
-0 .54  
-0.54 
-0.54 
-0.53 
-0 .53 
-0.53 
-0.53 
-0.53 
-0.53 
-0.53 
-0.53 
-0.53 
-0.53 
-0.53 
-0.53 
-0.53 
-0 .54 
-0.54 
-0.54 
-0.55 
-0.55 
-0.56 
-0.56 
-0.56 
-0.56 
-0.56 
-0.55 

c .  

c .  
(3. 
C. 
c .  

r. 

c .  

c. 

r. 
c. 
c .  

r. 
?. 

c. 
c .  
r .  
p .  
P. 
r .  
i. 

*I < *  

c. 

&These values  a r e  based on reference 2. 

bThese angles  a r e  measured from longi tudina l  axis and do no t  include e l e c t r o n i c  
n u l l  b i a s .  



10 

TABLE I.- MISSION-DEPENDENT CONSTANTS - Continued 
a 

(d) Aerodynamics 

= 1040.90; Y = -0.20; Z 
cg cg 

= 5.80; Weight = 12 121.50 lb; 

7 r  . 

1 .  ? "  

: , - 5  

: ; K  
1. 

7. 

- /+ '. . 
- -  

' . I  

. .  
4 . '  

a These values  are based on reference 2. 
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TABLE 1.- MISSION-DEPENDENT CONSTANTS 

( e )  Cross-section area 

CSM. f t 2  . 
CM. f t 2  . 
LM. f t 2  . 
A P S .  f t 2  . 

. . .  

. . .  

. . .  

. . .  

( f )  Mass p r o p e r t i e s .  

. . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . .  

. . . . . . . . . .  

. Concluded 

spacecraf t  weight . See 

. 129.4 

. 129.4 

. 200.6 

. 200.6 

re ference  3 



TABLE 11.- CSM RESET VECTORS 

( a )  Evasive maneuver 

.. . .. - . . . . - 
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TABLE 11.- CSM RESET VECTORS - Continued 

( b  ) MCC-1 maneuver 
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TABLE 11.- CSM RESET VECTORS - Continued 

( c )  LOI-1 maneuver 

. . .  



TABLE 11.- CSM RESET VECTORS - Continued 

( d )  LOI-2 maneuver 
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TABLE 11.- CSM RESET VECTORS - Continued 

( e )  Separat ion maneuver 

(WkPN BE&!~LLLAN)  
LUNAR REFERENCED 
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TABLE 11.- CSM RESET VECTORS - Continued 

(f) DO1 maneuver 



TABLE 11.- CSM RESET VECTORS - Continued 

( g ) Phasing maneuver 

( P E A N  BESSILIAN) 
LNAR REFERENCED 



. 

Y 

TABU 11.- CSM RESET VECTORS - Continued 

( h )  In se r t ion  maneuver 

( # € A N  BESS$LIAN) 
LW*R REFERENCED 

GET = La2 HR 23 w,, 100  sEC 



20 
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TABLE 11.- CSM RESET VECTORS - Continued 
( j  ) CDH maneuver 
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TABLE 11.- CSM RESET VECTORS - Continued 

(k) TPI  maneuver 

(PEAN BESSILIAN) 
LLtqAR REFERENCED 

GET 0 1 0 4  HR 4 9  4 4 1 ~  36000 sEC 
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_ _  - - 
TABLE 11.- C S M  RESET VECTORS - Continued 

(1) T E I  maneuver 
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TABLE 11.- CSM RESET VECTORS - Concluded 

(m) Entry 
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T A B U  111.- LM RESET VECTORS 

(a) DO1 maneuver 
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TABLE 111.- LM RESET VECTORS - Continued 

(b ) Phasing maneuver 



TABLE 111.- LM RESET VECTORS - Continued 
( c )  I n s e r t i o n  maneuver 



28 

TABLE 111.- LM RESET VECTORS - Continued 
( d )  CSI maneuver 

(MEAN BES$ILIAN) 
LUNAR RECERENCfib 

GET 8 IO> HR $ 4  C I I N  (00 S 6 C  



29 

TABLE 111.- LM RESET VECTORS - Continued 

( e )  CDH maneuver 



30 

TABLE 111.- LM RESET VECTORS - Concluded 

(f) TPI maneuver 

(MEAN BESSILIANI 
LUNAR REFERENCED 
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TABLE 1V.- CSM REFSMMAT 

Launch through MCC-3 maneuver 

[Earth o r b i t  i n s e r t i o n ]  

O S K Y  

63113 
41400 

4,0566 
3 4 7 4 2  

94256 
15012 

01173 
22604 

i p 5 7  
11721 

62510 
44235 

_. 66433  

6 5 4 6 5  
6 6 2 5 i  

70255 
5 7 7 6 1  

4 2 0 4 4  
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TABLE 1V.- CSM REFSMMAT - Continued 

(i; ) MCC-4 maneuver through MCC-6 maneuver 

[Lunar l anding  s i t e ]  

D S K Y  

17152  
3 4 2 3 i  

73244  
4 5 2 5 5  

7 6 2 4 7  
6 5 6 6 3  

7 7 5 6 6  
6 7 6 3 2  

71663 
51045 

16611 
1 6 4 4 2  

7 3 0 2 3  
5 6 0 0 7  

61772 
7 2 3 3 3  

7 2 0 4 6  
7 3 2 2 7  
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TABLE 1V.- CSM REFSMMAT - Concluded 

( c )  MCC-7 maneuver through en t ry  

FCT 

X I X E  
X I X E  

X I Y E  
X I Y E  

X l Z E  
X I Z E  

Y I X E  
Y I X E  

Y I Y E  
Y I Y E  

Y I Z E  
Y I Z E  

Z I X E  
Z I X E  

Z I Y E  
Z I Y E  

Z I Z E  
Z I Z E  

DSKY 

15153 
10221 

10021 
02553 

04075 
16010 

77733 
43662 

07312 
10516 

61637 
62667 

66761 
65622 

13543 
36333 

06110 
15740 
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)I 
X 

v 
Y 

TABLE V.- CSM NAVIGATION UPDATES 

(a) Evasive maneuver 

T 
T 

00136 
0 1 2 2 4  
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--x 
X 

v 
v 

z 
Z 

TABLE V.- CSM NAVIGATION UPDATES - Continued 

( b )  MCC-1 maneuver 

T 
T 

7 6 6 1 4  
91223 

04525  
25254 

R2562 
26675 

v4345 
30314 

m067 
23734 

02433 
36746  

I -  
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x 
)I 

Y 
Y 

TABLE V.- CSM NAVIGATION UPDATES - Continued 

( c )  LOI-1 maneuver 

Z 
2 

77737 " 8 , 6 5 9 2 5 5 2 * 0 5  
71003 

T 
T 

m a 7 4  
11 1s 
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X 
Y 

Y 
Y 

TABLE V.- CSM NAVIGATION UPDATES - Continued 

( d )  LOI-2 maneuver 

, 2-D-CT 
Z-nCT 

? 
T 

OCLj53 l,158667C*06 
c 3 4 4 c  

3,0152858+03 11122 
37206 

1 4 5 3 5  4 ,1595726C03  
1 2 4 2 1  

0 5 3 4 1  
135232 

7 9  '38 45852 03335 
1355C 
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X 
X 

Y 
v 

2 
Z 

TABLE V . -  CSM NAVIGATION UPDATES - Continued 

( e )  Separa t ion  from T,M 

T 
T 

0027! 
20325 

00157 
0 4 7 0 4  

@go61 
2 6 5 1 9  

00634 
3 4 0 4 4  

63?17 
6 6 4 2 ?  

7 2 6 7 2  
5 3 4 5 7  

04161  
32655 
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TABLE V.- CSM NAVIGATION UPDATES - Concluded 

(f) TEI maneuver 

X. 774es. 
X 40003 

Y 00044 9 , 6 7 6 3 2 5 7 + 0 5  
Y 00955 

z 
2 

00011 2 , 9 7 0 0 9 5 2 + 0 5  
01501 

USVO!! 
1220c 



h 
X 

Y 
Y 

L 
L 

TABLE VI.- LM NAVIGATION UPDATES 

(a) DO1 maneuver 

X - D O T  
X - D O T  

Y-UOT 
Y - U O T  

T 
I 

77506 
42110 

7 7 6 1 3  
746Ul 

77714 
5 i 35u 

6 6 6 3 3  - 3 e b 1 7 3 9 7 8 + u 3  
4 3 7 0 5  

14370 
267’47 

0 5 0 2 0  l e b 5 0 9 1 Z 7 + ~ 3  
I3774 

.. . 



TABLE VI.- LM NAVIGATION UPDATES - Continued 
(b) Phasing 
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X 
X 

Y 
Y 

2 
Z 

TABLE V1.- LM NAVIGATION UPDATES - Continued 

( c )  I n s e r t i o n  

00317 
3461 5 

00077 1o7UB0111+0b 
21454 

Y-3 i iT  50623 ._ 

Y-33T 45225 

Z - O d T  71575 - Z e U 5 1 8 1 2 5 t d 3  
7-30T 77547 

T 
T 

04314 . .  
25 4-0 4 

... . .~ . 

- . .- . . . - -. . . . ..-. . . .. . - . .  . 
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TABLE VI.- LM NAVIGATION UPDATES - Continued 

(d) CSI maneuver 

Y 7 7 6 1 4  - A *  1 0 9 0 U I 4 + U 6  
Y 52254 

6 6 3 7 7  
5 3 0 3 Y  

L l 4 7 5 3  
U Y 2 2 6  
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A 
A 

Y 
Y 

TABLE VI.- LM NAVIGATION UPDATES - Continued 

( e )  CDH maneuver 

u n  1 6 9  
32702 

1 1 3 5 6  
3 1 2 5 1  

7 2 / 6 7  
7 1 Y 7 3  
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X 
x 

Y 
Y 

2 
Z 

TABLE VI.- LM NAVIGATION UPDATES - Concluded 

(f) TPI maneuver 

X - U O T  
X - O O T  

Y - D O T  
Y - D O T  

Z - D O T  
2 - D O T  

T 
T 

00093 
30709 

77965 
71175 

57617 
56275 

75520 
73031 

76566 
62414 

O Y Y 0 2  
0 0 6 6 4  



46 

I. 
H d  
H -  > 

a 
affi fr 

O Q O Z  LLIO 
oao 0 - - c o  c. c) 

0 0  

0 o c  
0 
0 

0 0  0 0  

. - -  

0 0 

a 
0 

a c  ~ O O Q  - - 0 0 0 0  .. 
* 

b - 0 0  
[L 
W 
x 
Q 
-I 

m o o  

0 
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0 c o  - - e  

a 
a - 

oa 0 0  

0 0 0 2  w o  
000 0 - -  rgoc  - 

0 0  

0 0 

I 
k 0 0  
U 
w 
m o  0 
?c 

0 

0 00 0 
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0 
0 

cu 
(u 
Kr 
(L 
(r 

C 
0 - 

a, 0 c CCOZLLIP? 
0. 00 d - -  - m a w  

0. 

t- 0 0 0  

o o o o o c  - - 0 0 0 0  - ..c 
* 

I b - 0 0  
[L 
LLI m o o  z 
a 
-I 

ChW 
Lnw . .  

c c  rraz 
0 -x 

I 

H 
H > 

0 
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0 0 0  .. 
0 
0 

0 0  0 0  

0 0 

.O 0 'OC'G 0 - - 0 0 0 0  . ..c . 
1 
I 
D 
I 

I 

I 

I 
1 

I 
I 

I 

I 
I 

I 

bo 0 

w 
x o  0 

U 
J 

a 

c 
d- 

C 
c. 

a 
E- 
rn 

cl 
C. 

U 
b- 
(0 

-I 

c 

a 

c1 

b- 
u) 

I 

H 
H > 

0 

w 
f4 E-c 

2 u 
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Maneuver 

DO1 

I'has ing 

Insertion 

CSI 

CDfI 

TPI 

TABLE VII1.- FDA1 ANGLES FOR LM MANEUVERS 

Roll P i t c h  Yaw 

0.600 286.100 -0. 

0.600 264.400 -0. 

180.000 242.100 360.000 

0. 105.800 -0. 

180.000 2.300 360 .ooo 

0.240 196.689 0.120 
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TABLE XI.- MANEUVER PADS 

( a )  Evasive maneuver 

P30 MANEUVER 
-- 

SET STARS 

R A L I G N  - _. - 
ALIGN _. - - P 

ALIGN-  - - Y 

HO R I  ZON/WI  N DOW - 

C 

PURPOSE ##$$$si 
+ O O O 5(, 1 *VX N81 
+ O O O O O * V y  

9,, 0 AVZ + 0 .o 1 

X X X 1 8 1 R  

X X X 2 5 4 P  
x x x  3 5 9 Y  

I-- 

- ~- 

--- 

MI E; 
+ o o 1 1  9,, 7 n V T  

X X X  O i O  3 B T  

x 0 0 1 5,) 5 AVC 

X X X X 2 4 SXTS 

+ 2 7 3 3 O S F T  1 
x x x  
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'TABLE XI.- MANEUVER PADS - Cont inued  

( 1 ) )  MCC-1 -- 
P30 MANEUVER 

SET STARS 

A L I G N  __ ~ - 
' A L I G N -  _. - 

t i 0  IZOND'INDOW - 

OTHIR 

C 

x x x o o 7  
x x x o 9 2  
X X X O l l  w R 

P 

Y 

x x x o b 0  8 BT 

x 0 0 5 3 9 AVC 

BSS 

5 PA 

SXP 

LAT N 6  

LONG 

RTGO EM 
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TABLE XI.- MANEUVER PADS - Continued 

( c )  LOI-1 

P30 MANEUVER 

SET STARS 

RALIGN - - - 
ALIGN __ - - P 

ALIGN- - - 

HORl ZON/WI N DO W - 

OTHER 

C 

PUR POSE 

PRO P/G u I D 

nVX N8 1 

AVT 

N61 

LONG 

RTGO EMS 
v10 

I GET 0.05G 
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TABLE XI.- MANEUVER PADS - Cont inued  

( a )  LOI-2  

P30 MANEUVER 

S E T  STARS 

RALIGN - __ __ 
P- ALIGN __ - __ 

ALIGN- __ __ 

ULLAGE ' 
20 second  

ti0 K I ZO N ,441 N DO W - 

OTHER 

c 

S P S G & N  'm 
+ 0 0 1 4 4  
- 0 0 0, 6..? 

PURPOSE 

PROP/GUID 

WT N47 

'TRIM ~ 4 8  
'TRIM 
HRS GET1 

MIN N33 
SEC 

R 

P 
Y 

N44 

Hp (DMT) 

AVT 

B T  

AVC 

SXTS 

SFT 

T RN 

BSS 

SPA 

SXP 

LAT N 6 l  
LONG 

RTGO EMS 
v10 
GET 0.05C 
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c 

L 

TABLE XI.- MANEUVER PADS - Continued 

( e )  Sepa ra t ion  from LM 

P30 MANEUVER 

SET STARS 

R A L I G N  _. __ - 
ALIGN - - - 
ALIGN- _. - 

3 

ULLAGE RCS O n l y  

HORIZONflINDOW - 

OTHER 

C 

'URPO SE 

)RO P/G UI D 

WT N47 

WIN N33 
jEC 

bvX N8 1 

AVZ 
R 

P 

Y 

AVT 

BT 

AVC 

SXTS 

SFT 

TRN 

BSS 
SPA 

SXP 

LAT N61 
LONG 

RTGO EMS 

v10 

GET 0.05G 



TABLE XI.- MANEUVER PADS - Continued 

F3U L M  MANEUVER I 

RE/dARKS: 

Ullage: 2 quad, 8 sec  

--_I-- 
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TABLE XI.- MANEWER PADS - Continued 

. 

e 

(g )  Phasing 
-.1_1-- 

P30 L M  MANEUVER 
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TABLE XI.- MANEUVER PADS - Continued 

(h) Insertion 

P30 L M  kAANEUVER 

..-- ___I_,._..._I-- --- 

VX AGS N86 

R t  MARKS: 

Ullage: 2 quad, 4 sec 
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TABLE XI.- MANEWER PADS - Continued 

(i) CSI 

P32 CS1 UPDATE 

0 0 .  
... , .... -. . . . . .  - 
, 0 0 0  , 

0 
. , 0' 0' 
. I O . O  0 ,  

- . . . . . . . . . .  

0- 

. .  - . . . . . . .  -. . .  

. . . .  . . . ~  . , 
- 0 .  e ... 

l o  0 
: ' x  x 

I 

0 0  : *  

HR N11 
TIG 

MIN 
CSI SEC 

N37 
HR TIG 
''IN TPI 
SEC 

N81 A v x  LOCAL 
A V Y  VERT 

PLM FDA1 
AVX AGS N86 
A V Y  AGS 

A V Z  AGS 

REMARKS : 
4 quad, +X 

- 

H 
L n  
V 



TABLE XI.- MANEUVER PADS - Cont inued  

(j) CDH 

I 

P33 CDH UPDATE 

N 1 3  

REMARKS : 
4 quad, +X 

VERT 
" D Y I  ,I 1\17 

PLM FDA1 

AVX A G S  N 8 6  
AVY A G S  
A V Z  A G S  

O N B O A R D  LOG 
N 8 1  0 0  . .  P G N C S  

AVY L O C A L  
VERT 

0 0  0 0  0 A V Z  
N 8 1  

0 0  0 0  CHARTS 
x x x x x x x x x x x x  LOCAL 

VERT -,.-o-~.~ 
- 

0 0  A V Z  
0 

c 

1 



____ __-- -__. 

TABLE XI.- MANEUVER PADS - Continued 
(k) TPI 

I 

. 

-- 

P34 T P I  UPDATE 

0 0  e -  0 0  _. F/A PGNCS N5! 

0 0  e 0 0  . D/U 

R/L  A v  
LOS _. . * .  0 0  ._ -  - 0  0 

. - -  

x x , x  010 0 
x x x 1 ' 9  7 

- -  I - - - .  
I X X  x -  

x x x  

4 -  
w 

N37 
HR T I G  
MIN 

l o  0 . 1 0  0 . F'A CHARTS 

l o  0 . 0 0  D/U 

N5' 
X X X X X X X x x x x x R/L A V  

LOS 

REMARKS : 

TP I SEC 

AVX N81 
AVY LOCAL 
A V Z  VERT 

RLM FDA1 N42 
PLM INER 

N54  
TP1 TIG-5 k T P I  

F/A(+/ - )  N59  

R/L(+i-) A v  
D/U(+/-) LOS 

BT 

w 
a 
k- 



TABLE XI.- MANEUVER PADS - Continued 

(1) TEI 

e_ 

P30 MANEUVER 

SET STARS 

R A L I G N  - - __ 

ALIGN __ - _. 

ALIGN-  - - 

1 

ULLAGE * quads 
20 second 

HO RI  ZO tdfi4l N DO W - 

OTHER 

c 

m 6  16 I WT N47 

- 
P 

3 

0 

0 

0 0 3 7 HRS GET1 

0 0 0 MIN N33 

- 
- 
~ 

* 
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c 

TABLE XI.- MANEWER PADS - Concluded 
(m) Lunar en t ry  

I 

j -e+-- x X I  

x x  i t ,  - 
x x  - I 

I 

x x x x  
+ 0 

. 
0 

0 0 0  
.__ 

+ - 

I . t-4 
x x x  _- 

RETEBO I 
RETDRO 
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